Introduction
High margin of safety, cost effective, ecofriendly and readily availability, had caused increasing development of herbal supplement involving traditional medicinal plants [1] . The medicinal plants are expected to have benefits such as a radical scavenging activity inhibitor, known as antioxidant. In nutraceutical and pharmaceutical industries, antioxidant plays a significant function as a health protecting factor which may reduce the risk of oxidative stressrelated diseases and able to give healthenhancing effect on human [2] .
The ability to trap free radicals is the main role of an antioxidant which referred to as the oxygen-centered molecules that contain a single electron at the outermost orbit. In an extensive of sources, highly reactive free radicals and oxygen species are found in biological systems [3] . Thus, the study of biological activity and chemical composition of medicinal plant extracts as a potential source of natural antioxidants are becoming a trend in development of product.
S. crispus (pecah beling) from the Acanthaceae family is a well-known herb in Malaysia that has been reported to have various properties including antioxidant, antidiabetic, diuretic and wound healing activities as well as a hypolipidemic effect [4] . Meanwhile, P. niruri (dukung anak) is one of the herbal plants from the Euphorbiaceae family and the plant extract was widely used in the preparation of several Aayurvedic formulations [5] . Another herb, O. aristatus is a synonym to O. stamineus and locally known as "misai kucing" is belonging to the family Lamiaceae. It is found that the leaves display dynamic pharmacological properties such as strong antioxidant potency, antiurolithiatic, and total phenolic content [6] . The use of S. rebudiana belonging to the family Compositae in various formulations was mainly to improve the palatability of the formulation in which it acts as natural sweetener [7] . Nevertheless, the Abstract: Plant extracts contains huge number of chemical compounds that may give interaction effect which could affect the antioxidant properties especially when mixed together. Therefore, in this present study, the synergistic effect towards 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity presence in aqueous extract of herbal leaves of Strobilanthes crispus (Pecah beling), Phyllanthus niruri (Dukung anak), Orthosiphon aristatus (Misai kucing) and Stevia rebudiana has been evaluated. Synergy is the interaction of two or more extracts to produce a combined effect greater than the totality of their individual effects. There were 22 formulations consisting various proportions of the extracts designated using the commercial statistical software package which is Design Expert 6.0.4. The in-vitro antioxidant study of the extracts and their different combinations were conducted by DPPH radical scavenging activity. The results suggest that O. aristatus has higher potential of antioxidant properties. Synergistic effect was exhibited in the majority of all combinations as well as the combination of the four plant extracts. The highest synergistic effect indicated in the fifth formulation (S. crispus and P. niruri). However, the sixth formulation (S. crispus and S. rebudiana) showed the lowest synergistic effect. In conclusion, the present study justifies these polyherbal formulations have promising antioxidant properties in term of DPPH radical scavenging activity and validates their synergistic effect by having an improved activity in most of the formulations. Thus, it is sensible to mix the studied polyherbal formulations as food supplements or food ingredients in the future.
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Basically, plant extracts are natural component that might employ synergistic, antagonistic, additive and indifferent effect depending on the interaction on the phytochemicals [9] . In addition, combining of the plant extracts can also produce all those effects. To date, scientists are still exploring the possibilities of combining effect of the plant [10] . Synergistic effect is defined as a positive interaction when a combination of two or more substances shows higher mechanism than the sum of the single substances [11] . In other word, it is a new concept in development of food product from natural sources which can give optimum antioxidant effect due to harmful effects of synthetic antioxidants on human health [12] .
Therefore, this study aims to investigate the synergistic effect of leaves extract of S. crispus, P. niruri, O. aristatus and S. rebudiana for polyherbal formulation followed by evaluation of their interaction effect towards DPPH radical scavenging activity.
Materials and Methods
Chemicals and instruments. DPPH (2,2-diphenyl-1-picrylhydrazyl) was purchased from Merck Germany. The reagent of methanol was analytical grade procured from local sources. The instrument used was UV-Vis spectrophotometer (T60u, PG Instrument, USA) located in Food Analysis Laboratory, Universiti Tun Hussein Onn Malaysia.
Collection and Preparation of Plant
Materials. Four types of plant materials which are S. crispus, P. niruri, O. aristatus and S. rebudiana were used in polyherbal formulations. They were purchased from local company of Ethno Resources in dried form. Referring to Muryanto, the preparation of leaves extracts was done with slight modifications [13] . The dried leaves of selected medicinal plants were grinded into powdered form using a standard laboratory blender. Next, 100 g of each plant powder was boiled slowly in 1000 mL of distilled water using low heat until the volume of the mixture reduced to about a third of the original volume. It was immersed in the hot water at range of 80°C to 90°C for 15 minutes. The extracts were filtered separately using sterile Whatman no 1 filter paper to get the supernatant mixture from the extraction solution while the residues were stored in cool condition for further use. For the polyherbal formulations development, the plant extracts were mixed in various proportions of 22 formulations as shown in Table 1 , which has been designated using commercial statistical software package that is Design Expert 6.0.4. DPPH Radical Scavenging Activity. Radical scavenging activity of polyherbal formulations against stable DPPH was determined spectrophotometrically. The reaction was showed when changes in colour (from deep violet to light yellow) are occurred. DPPH was reacted with an antioxidant compound, which can donate hydrogen and it was reduced. The absorbance of the mixture was measured at 517 nm on a UV-Vis spectrophotometer. The radical scavenging activity of each extract and polyherbal combination were measured according to previous method with slight modification [14, 15] . The DPPH solution (5.9 mg in 100 mL methanol) was prepared daily before UV measurement. Three (3) mL of DPPH solution was mixed with 77 L of sample in cuvettes. The mixed samples are left at room temperature and in the dim area for 15 minutes. Then, the reduction in absorption reading was taken. For the blank sample, the same quantity of methanol and DPPH was prepared and the change in absorption was measured. All of the samples tested were required to be done in triplicate. The radical scavenging activity was calculated by the following formula:
Where: AB is absorption of blank sample (t = 0 min) and AA is the absorption of tested extract solution (t = 15 min).
Calculation of Synergistic Effects on DPPH Radical Scavenging Activity.
The experimental antioxidant capacity of the mixtures was calculated for each antioxidant assay. The percentage inhibition of each individual plant extract at each combination was used to calculate the predicted inhibition of the mixture. The calculated values were taken as the sum percentage inhibition of the individual percentage of inhibition in each mixture. Thus, the predicted inhibitions were used to compare with experimental percentage to determine the interaction effects [16] . If the experimental antioxidant activity was greater than the theoretical antioxidant activity, it was considered as synergistic effect and if it was lower than the theoretical antioxidant activity it was interpreted as antagonistic effect [17] . However, when the result show neither good nor bad after two or more mixtures was mixed, it was indicated as indifferent.
Statistical Analysis. The results were expressed as means ± SD to show variations in the various experimental. Differences are considered significant when p < 0.05 [18] . Oneway ANOVA was performed on mean data obtained on percentage inhibition on DPPH radical scavenging activity using commercial statistical software IBM SPSS Statistics 20 of Tukey-LSD.
Results and Discussion
In general, DPPH radical scavenging assay is widely used to evaluate the antioxidant properties of extracts from different plant materials [19] .
Antioxidants have been initiated in many types of plant materials and supplements including S. crispus, P. niruri, O. aristatus and S. rebudiana. Due to their natural origin of the extracts, the use of natural antioxidant from plants does not induce side effect [19] .
O. aristatus showed the highest antioxidant values of 78.84%, followed by P. niruri (72.90%), S. rebudiana (64.69%) and the lowest was S. crispus with only 50.85% (Fig 1) . The higher antioxidant properties in O. aristatus might be due to the properties of the plant that conferred with high amount of flavones, polyphenols, glycosides, bioactive active proteins, a volatile oil, and massive quantities of potassium [20] . Previous study of O. aristatus, indicated that total phenolic contents of the plant ranged from 139.81 to 386 gallic acid equivalents per gram of extract [21] . The content of phenolic and flavonoid compounds strongly link with the antioxidant activities of plant materials [22] . Therefore, O. aristatus has higher properties of antioxidant individually compared to other plant extracts. This might be because of total phenolic content in the plant is in compatible range compared to other extracts. However, when the plant extracts were combining with the other two or more plant extracts, some of them showed a significantly increased in DPPH radical scavenging abilities which indicates a synergistic effects (Table 2) . Only one of the polyherbal formulations showed the antagonistic interactions (17 th formulation). The highest synergistic effect showed in the fifth formulations which S. crispus was combined with P. niruri while a lowest synergistic effect showed in the 21 st formulation which was the combination of S. crispus and S. rebudiana. This might be because S. cripus has terpene compounds which reported to have synergistic effect in antioxidations with other antioxidants [23] .
Besides that, the presence of bioactive compounds in P. niruri extracts helps in contributing synergistic effects as it was stated to have antioxidant capabilities in the free radical scavenging activity [24] . Therefore, it is applicable to mix the plant extracts in the formulations to have a good product development with optimum antioxidant properties [25] .
Conclusion
It can be concluded that most of the polyherbal formulations of the aqueous extracts in this study showed the synergistic interaction towards DPPH radical scavenging activity. Thus, this finding may leads to the understandable product development in the future particularly in the studied herbs.
